(19) 



J 



(12) 



(43) Date of publication: 

20.10.1999 Bulletin 1999/42 

(21) Application number: 99101334.3 

(22) Date of filing: 25.01 .1999 



Europdisches Patentamt 
European Patent Office 
Office europten des brevets (11) EP 0 951 087 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : H01 M 8/04, H01 M 8/06 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES H FR GB GR IE IT U LU 


• Takabe, Shigeru 


MCNLPTSE 


Sagamihara-sht, Kanagawa (JP) 


Designated Extension States: 


• Komaki, Hideaki 


ALLTLVMKROSI 


Ota-ku, Tokyo (JP) 


(30) Priority: 15.04.1998 JP 10507998 


(74) Representative: 




GrOnecker, Klnkeldey, 


(71) Applicant 


Stockmair & Schwanhdusser 


Ishikawajlma-Harlma Heavy Industries Co., Ltd. 


Anwaltssozietat 


Chiyoda-ku, Tokyo (JP) 


Maximilianstrasse 58 




80538 Munchen (DE) 



CM 
< 

00 

o 
lo 



(54) Air supply device for fuel cell 

(57) An air supply device for a fuel cell is disclosed 
which is provided with a displacement compressor 10 
for supplying pressurized air as an air source to a cath- 
ode through an air supply line connected to the cathode 
inlet side of the fuel cell I so that a burned gas obtained 
by burning an anode exhaust gas AG discharged from 
an anode of the fuel cell may be conducted to the intake 
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side of an exhaust gas turbine 8 for driving the displace- 
ment cortpressor, and so t^at air rray be suppli 
cathode 2 by driving the displacement compressor 10 
with the exhaust gas turbine that operates with the 
burned gas of the anode exhaust gas. 
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Description 

BACKGROUND OF THE INVENTION 

(i) Red of the Invention s 

[0001] The present invention relates to a fuel cell that 
directly converts chemical energy which a fuel has into 
electrical energy, particularly to an air supply device for 
a fuel cell that supplies air as an oxidizing gas to the 10 
cathode (oxygen pole) side of the fuel cell. 

(5) Description of the Related Art 

[0002] Fuel ceils can be classified into a phosphoric 75 
acid type, a molten carbonate type, a solid oxide type, 
and a solid polymer electrolyte type on the basis of an 
electrolyte to be usecL However, in all types of fuel cell* 
both the surfaces of an electrolyte plate or an electrolyte 
film are sandwiched between both the electrodes of the 20 
cathode (oxygen pole) and the anode (fuel pole). One 
cell is comprised with a cathode side to which air (O2) 
as an oxidizing gas is supplied and an anode side to 
which hydrogen (H2) as a fuel gas is supplied, and such 
several cells are laminated via each separator into a 2s 
stack. 

[0003] A turbo charger model shown in Figure 1, 
which drives a compressor with an exhaust gas turbine, 
and a motor drive model shown in Figure 2 which drives 
a compressor with a motor, are examples of conven- 30 
tional air supply devices for supplying air to the cathode 
side of the above fuel cells. 

[0004] Figure 1 is one example showing a turbo 
charger model used as an air supply device for a natural 
gas reforming molten carbonate fuel cell generator, with 35 
a reformer d mounted on the upper flow side of the fuel 
cell FC, in which both surfaces of electrolyte plate a are 
sandwiched between the two electrodes cathode b and 
anode c, in which cells that supply air A as an oxidizing 
gas to cathode b, and also supply fuel gas FG to the 40 
anode side c are laminated and stacked between sepa- 
rators. It is further equipped with a turbo charger e as a 
device for supplying air to cathode b comprising an 
exhaust gas turbine f and a compressor g which is 
driven by the exhaust gas turbine f. A cathode exhaust 45 
gas line h is connected to the intake side of the exhaust 
gas turbine f, and the exhaust gas turbine f is rotated by 
the cathode exhaust gas CG. An air supply line i con- 
nected to the output side of the compressor g is con- 
nected to the inlet side of the cathode b, and a branch so 
line j, divided by the air supply line i is connected to the 
inlet side of the combustion chamber Co of the reformer 
d. The air A compressed by the compressor g is sent to 
the combustion chamber Co of the reformer d and to the 
cathode b. k is the burned exhaust gas line that con- 55 
ducts the burned exhaust gas dscharged from the com- 
bustion chamber Co of the reformer d to the inlet side of 
cathode b; Re is the reforming chamber of reformer d; 1 



is the reforming raw materials line that conducts the raw 
materials to the reforming chamber Re of the reformer 
d; m is the fuel gas line that conducts the fuel gas FG 
reformed in the reformer d to the inlet side of the anode 
c; n is the anode exhaust gas line that conducts the 
anode exhaust gas AG to the combustion chamber Co 
of the reformer d after the moisture had been extracted 
by the gas/water separator o. 
[0005] Figure 2, as opposed to the turbo charger 
model shewn in Figure 1, shows a device in which the 
compressor g is driven by the motor M. Compressor g is 
directly driven by motor M, and air Aconducted from the 
inlet side of compressor g is pressurized and supplied to 
the fuel cell cathode through the output side as in Figure 
1. 

[0006] In the turbo charger shown in Figure 1, the 
exhaust gas turbine f is rotated by cathode exhaust gas 
discharged from cathode b, drives the compressor g. 
The relationship of the flow rate Q to the pressure P is 
as shown in Figure 3: when the flow rate falls, the pres- 
sure also falls. Therefore there is the danger of surging 
in a low flow rate range, and one must adjust both the 
flow rate and the pressure. 

[0007] In the motor driven model shown in Figure 2, 
the problem is that the exhaust gas energy discharged 
from the fuel cell can not effectively be used as motive 
power for supplying air, and the electricity obtained from 
the fuel cell is used for driving motor M, and is thus 
wasted. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been developed in 
order to solve the above problems, and an object of the 
present invention is to provide an air supply device for a 
fuel cell which is provided with a displacement compres- 
sor for supplying pressurized air as an air source to a 
cathode, and so that air may be supplied to the cathode 
by driving the displacement compressor with the 
exhaust gas turbine that operates with the burned gas 
of the anode exhaust gas. Further, instead of anode 
exhaust burned gas, a high temperature exhaust gas 
generated within the system can be conducted to the 
exhaust gas turbine. 

[0009] By operating the exhaust gas turbine by burn- 
ing anode exhaust gas discharged from the anode of 
the fuel cell and conducting it to the exhaust gas turbine, 
the energy of the anode exhaust burned gas can be 
effectively used as motive power to drive the displace- 
ment compressor that compresses the air. Or, by oper- 
ating the exhaust gas turbine with high temperature 
exhaust gas generated within the system, the energy of 
the exhaust gas obtained in the system can be effec- 
tively used. Because it is a displacement compressor, 
there is no danger of generating a surge even at low 
flow rates. 

[0010] Furthermore, by mounting a motor-generator 
to the displacement compressor shaft, one can also 
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take out electricity as a generator, or assist the revolu- 
tion of the displacement compressor. 
[0011] Other objects and advantages to the present 
invention are described below with reference to the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Figure 1 is a schematic ciagram of one example of 
a conventional device. 

Figure 2 is a schematic diagram of another example 
of a conventional device. 

Figure 3 shows the properties of pressure and flow 
rate in the case of a turbo charger. 
Figure 4 (A) is a system block diagram showing an 
example of a solid polymer electrolyte fuel cell gen- 
erator that is one form of embodiment of the 
present invention. 

Figure 4(B) is a schematic diagram of Figure 4 (A). 
Figure 5 shows the properties of pressure and flow 
rate in a mechanical drive supercharger used as 
displacement compressor in the present invention. 
Figure 6 is a schematic view of another embodi- 
ment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] One embodiment of the present invention will 
be described with reference to the drawings. 
[001 4] Figure 4(A) and 4(B) show one embodiment of 
the present invention used as a device for supplying air 
to the cathode of the fuel cell in a generator which uses 
a solid polymer electrolyte fuel cell, which is effective as 
a power source for automobiles because methanol is 
the raw material, electricity is generated at low temper- 
atures of 100 °C or below, output density is high, and 
operation 15 done at low temperatures. 
[0015] In other words, the solid polymer film 1 is sand- 
wiched and layered between the two electrodes, the 
anode (fuel pole) 3 and the cathode (oxygen pole) 2 
made of porous matter using a precious metal such as 
white gold as catalyst As one cell, they supply air A to 
the cathode 2 side as an oxidizing gas and fuel gas FG 
to the anode 3 side. Each cell is laminated and stacked 
up via separators. Because the reaction of the fuel cell 
is an exothermic reaction, in the present invention an air 
supply device is built between the air supply line 5 which 
is connected to the inlet side of the cathode 2 of the 
soGd polymer electrolyte fuel cell I equipped with one 
cooler 4 for the several cells and the combustion gas 
line 7 on the outlet side of the catalytic combustor 6 that 
burns anode exhaust gas AG tischarged from the 
anode 3 with cathode exhaust gas CG discharged from 
the cathode 2 and discharges it as high temperature 
(approximately 400°C) burned gas, the compressor is 



driven using the energy of the anode exhaust burned 
gas and used as an air source, and air A is compressed 
and supplied to cathode 2. 

[0016] The above air supply device II of the present 

5 invention, as shown enlarged in Figure 4(B), comprises 
an exhaust gas turbine 8, and a displacement compres- 
sor 10 such as a mechanical drive supercharger linked 
to the exhaust gas turbine 8 through a decelerator 9. A 
combustion gas line 7 on the outlet side of the catalytic 

w combustor 6 is connected to the intake side of the 
exhaust gas turbine 8, air intake pipe 1 1 is connected to 
the intake side of the displacement compressor 10. 
Cathode exhaust gas line 12 and anode exhaust gas 
line 13 are connected to the above catalytic combustor 

is 6. Cathode exhaust gas CG discharged from the cath- 
ode 2 as well as anode exhaust gas AG from the anode 
3 are conducted to the catalytic combustor 6 and 
burned. Exhaust gas turbine 8 is operated by the anode 
exhaust burned gas burned in the catalytic combustor 6, 

20 and the energy of the anode exhaust burned gas is 
used as motive power for supplying air with the dis- 
placement compressor 1 0. 

[0017] The mechanical drive supercharger (eg., a 
supercharger) used as the above displacement com- 
as pressor 10 has a female rotor and a male rotor geared 
into each other and arranged in parallel inside the cas- 
ing. By rotating both rotors, the air taken in from one 
side is compressed as it is moved along the shaft and 
discharged from the other side. A ryshorm compressor 
30 with a similar construction may also be used as the dis- 
placement compressor 10. 

[001 8] This kind of displacement compressor 1 0 is an 
advantage because it can supply air of comparatively 
high pressurization in one step compression. 

35 [0019] In Figure 4(A), 14 is a humidifier, 15 is a 
reformer equipped with a shift converter function, 16 is 
a CO remover placed so that it is cooled by air-cooling 
fin 1 7, 1 8 is a heat medium circulation fin that circulates 
heat transfer medium 19 supplying heat to reformer 15, 

40 20 is a hybrid heat exchanger comprised with a single 
unit composed of heat transfer medium heater 21, 
methanol evaporator 22, and steam generator 23, 24 is 
a methanol tank, 25 is a water tank, 26 & 27 are 
gas/water separators, 28 is a combustor for start up, 

45 and 29 is a cooler. 

[0020] In the embodiment shown in Figures 4(A) and 
4(B) anode exhaust gas AG discharged from the anode 
3 of the solid polymer electrolyte fuel cell 1 is conducted 
to the catalytic combustor 6 along with cathode exhaust 

so gas CG discharged from the cathode 2 and burned. The 
burned gas of approximately 4O0°C is sent through the 
burned gas tine 7 from the catalytic combustor 6 and 
supplied to the exhaust gas turbine 8 through the intake 
side. In this way, the displacement compressor 10 can 

55 be driven as an air source which is operated by exhaust 
gas turbine 8 with anode exhaust burned gas, com- 
presses air A and supplies it to cathode 2, and the 
energy from the burned gas can be used effectively as 
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motive power to drive the air source by conducting the 
above anode exhaust burned gas to the exhaust gas 
turbina Given the relationship between the pressure 
and flow rate for the above Displacement compressor as 
shown in Figure 5, pressure P does not change even 
when flow rate Q is low in a fixed pressure range, and 
there is no danger of surging even at low flow rates. 
[0021 ] The above embodiment describes a device in 
which the burned gas of approximately 400°C obtained 
by burning anode exhaust gas AG and cathode exhaust 
gas CG in the catalytic combustor 6 is conducted to an 
exhaust gas turbine 8 causing the exhaust gas turbine 8 
to rotate. However, high temperature exhaust gas 30 
generated within the system such as the approximately 
300°C exhaust gas that comes from methanol evapora- 
tor 22 of the compound heat exchanger 20 in Figure 
4(A) can be conducted to the intake side of the exhaust 
gas turbine 8. This is possible as shown in the twodot 
chain line by connecting the exhaust gas tine 31 on the 
outlet side of methanol evaporator 22 to the inlet side of 
the exhaust gas turbine 8. 

[0022] In this way, the energy of the exhaust gas 
released in vain can be used as motive power for the 
displacement compressor 1 0 by conducting the exhaust 
gas which has a temperature of 300°C, using methanol 
evaporation, to the exhaust gas turbine 8, and pressu- 
rized air can be supplied to the cathode 2. Further, 
when the exhaust gas from the methanol evaporation is 
used, the gas burned in the catalytic combustor 6 can 
be used effectively. 

[0023] Figure 6 shows another embodiment of the 
present invention. This is a construction in which a 
motor-generator 32 is mounted on the shaft of the dis- 
placement compressor 1 0 in a construction like the one 
shown in Figure 4(B) in which the displacement com- 
pressor 10 is driven by an exhaust gas turbine 8. 
[0024] With this kind of construction, if the power gen- 
erated by the exhaust gas turbine which drives displace- 
ment compressor 10 and air source to supply air to the 
cathode 2 of the fuel cell I is sufficient, energy recovery 
can be carried out by generating electricity. When the 
anode exhaust burned gas supplied to the exhaust gas 
turbine 8 at start up cannot be used, or if it is necessary 
to supply a large amount of air from the displacement 
compressor 10 during operation and the exhaust gas 
turbine 8 alone is insufficient for motive power, the 
motor-generator 32 can be used as a driving device to 
drive the displacement compressor 1 0 and assist in rev- 
olution. 

[0025] The above embodiment shows a solid polymer 
electrolyte fuel cell as a fuel cell and an effective power 
source lor an automobile, but it can of course be applied 
to other types of fuel cells. Furthermore, Figure 4(A) 
shows one example of a generator system construction, 
but this is not limited to the one shown. For example, in 
Figure 4(A), the reformer and the shift converter are 
established separately, the reformer is operated at 
250°C, the methanol evaporator and the steam genera- 



tor are set up separately, and the burned gas obtained 
by burning the anode exhaust gas with the cathode 
exhaust gas are used for heat in the reformer. All such 
things are optional. 

5 [0026] As mentioned above, with the air supply device 
for fuel cells of the present invention, a displacement 
compressor is used as an air source to supply air to the 
cathode of the fuel cell, and motive energy that drives 
the displacement compressor is taken from the exhaust 

w gas turbine. Fuel cell exhaust gas energy can be effec- 
tively used in the exhaust gas turbine because either 
high temperature anode exhaust burned gas or high 
temperature gas generated within the generator system 
is conducted to the exhaust gas turbine, and the energy 

15 of these gases is used as motive power for air supply. 
Comparatively high pressure pressurized air can be 
supplied to the cathode because the displacement com- 
pressor is used as an air source and driven by the 
exhaust gas turbine. Further, there are no problems 

20 such as surging even at low flow rates, and it is easy to 
control. In addition, one can achieve other superior 
effects by mounting a motor-generator on the displace- 
ment compressor shaft for such things as to assist the 
rotation of the displacement compressor at times such 

25 as when motive power can not be obtained from the 
exhaust gas turbine, such as at start up, or when much 
air is necessary, or as a generator to generate electricity 
in the reverse case, such as when the motive power of 
the exhaust gas turbine is sufficient or when only small 

30 amounts of air are necessary. 

[0027] The present invention has been described in 
accordance with several preferred embodiments, but it 
should be understood that the scope of rights implied by 
the present invention is not limited to these embodi- 

35 merits. On the contrary, the scope of rights of the 
present invention includes all revisions, corrections, and 
similar devices covered by the attached claims. 

Claims 

40 

1 . An air supply device for a fuel cell which is provided 
with a displacement compressor for supplying pres- 
surized air as an air source to a cathode through an 
air supply line connected to the cathode inlet side of 

45 the fuel cell so that a burned gas obtained by burn- 
ing an anode exhaust gas discharged from an 
anode of the fuel cell may be conducted to the 
intake side of an exhaust gas turbine for driving the 
displacement compressor, and so that air may be 

so supplied to the cathode by driving the displacement 
compressor with the exhaust gas turbine that oper- 
ates with the burned gas of the anode exhaust gas. 

2. An air supply device for a fuel cell which is provided 
55 with a displacement compressor for supplying pres- 
surized air as an air source to a cathode through an 
air supply line connected to the cathode inlet side of 
the fuel cell so that a high temperature exhaust gas 
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generated within the system maybe conducted to 
the intake side of an exhaust gas turbine for driving 
the displacement compressor, and so that air may 
be supplied to the cathode by driving the displace- 
ment compressor with the exhaust gas turbine that 5 
operates with the burned gas of the anode exhaust 
gas. 

3. The air supply device for a fiel cell according to 
claim 1 or 2 wherein a motor-generator is mounted 10 
on a shaft of the displacement compressor. 
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Fig.3 PriorArt p 
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